Aims: Diabetes screening strategies using glycated haemoglobin (HbA1c) as firstinstance diagnostic parameter may cause failure to detect individuals with abnormal glucose regulation and possible signs of microvascular complications despite "ruleout" HbA1c levels. This cross-sectional study examined the diagnostic performance of HbA1c in relation to fasting and two-hour postload plasma glucose (FPG/2 h-PG), and investigated whether individuals with normal HbA1c but abnormal FPG/2 h-PG have a higher prevalence of moderately increased albuminuria as possible sign of early stage kidney damage.
| INTRODUC TI ON
Over the past decades, the prevalence of type 2 diabetes has increased worldwide to a pandemic scale. It has been estimated that the number of individuals with yet undiagnosed diabetes was as high as 193 million in 2015 and is expected to increase further by 2040 to 642 million people with diabetes and 481 million people with prediabetes. 1 Diabetes constitutes a major challenge for public healthcare systems as untreated hyperglycaemia can result in micro-and macrovascular complications such as diabetic retinopathy, chronic kidney failure, diabetic polyneuropathy or coronary artery disease and stroke. 2 One early sign of diabetic complications is moderately increased albuminuria. It is an indicator of chronic kidney damage and it is correlated with the risk of cardiovascular events. 3 To prevent the development or progression of such complications, early detection of individuals with yet unrecognized prediabetes and diabetes is of importance.
The traditionally established measurements of fasting plasma glucose (FPG) and the oral glucose tolerance test (OGTT) have major drawbacks such as need for compliance to 8-hour fasting and large intraindividual variability. 4, 5 In the current position statement of the American Diabetes Association (ADA) and in the statement of the European Association for the Study of Diabetes (EASD), it is recommended to use glycated haemoglobin HbA1c as the preferred diagnostic tool for diabetes screening to overcome these limitations. 6, 7 Some guidelines, including those of the German Diabetes Association, recommend a stepwise diagnostic approach using HbA1c as a first screening test with two different cut-off values for the diagnostic decision, of which the lower cutoff is used to rule out diabetes and the higher cut-off is used to diagnose diabetes without measuring FPG and/or two-hour postload glucose levels (2 h-PG). In this setting, FPG and/or 2 h-PG are only measured if the HbA1c concentration is between these two cut-offs. [8] [9] [10] Despite the advantages of HbA1c-based diabetes screening, there is an ongoing debate about the usefulness of this marker to detect individuals with diabetes and prediabetes. A large number of studies have addressed this question in different populations, however resulting in ambiguous results and conclusions particularly with regard to optimal cut-off values for diagnostic decisions. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Importantly, stepwise diabetes screening strategies using only HbA1c as first-instance diagnostic parameter may cause failure to detect individuals with abnormal glucose regulation and possible signs of microvascular complications despite HbA1c levels below the "rule-out" cut-off. In this study, we analysed the diagnostic performance of HbA1c compared to FPG and 2 h-PG in a representative sample of adult individuals taken from an urban general population, who were not yet diagnosed with diabetes. We were particularly interested in assessing the prevalence of individuals with moderately increased albuminuria among individuals considered to have a normal glucose metabolism based on HbA1c testing.
| MATERIAL S AND ME THODS

| Study population
The present investigation was part of the "LIFE-Adult-Study", a population-based cohort study initiated in 2011. In 2014, this study has completed the cross-sectional baseline examination of 10 000 randomly selected adults from Leipzig, a major city in Germany with approximately 580 000 inhabitants. The LIFE-Adult-Study is part of the "Leipzig Research Centre for Civilization Diseases" (LIFE), aiming to investigate disease prevalences, early onset markers, genetic predispositions, and the role of lifestyle factors for the development of major civilization diseases. Details of the objectives and the design of the LIFE-Adult-Study are described elsewhere. 25 A total of 9479 subjects were aged 40-79 years, which was the age range of interest for our specific research question. Of these, 8243 individuals had no personal history of diabetes. Of these, a total of 2695 individuals between 40
and 79 years of age without known diabetes had complete measurements of HbA1c and fasting plasma glucose (FPG), and had also performed a 75-g oral glucose tolerance test (OGTT) with measurement of the two-hour postload glucose level (2 h-PG). Moreover, the urine albumin-creatinine ratio (UACR) was determined in these individuals.
Not all 8243 individuals had complete measurements particularly because the OGTT was performed only in a subset of individuals for reasons of feasibility and costs. There were no large differences regarding age and sex distribution between the study sample and the individuals with incomplete measurements.
The LIFE-Adult-Study was approved by the responsible institutional ethics committee of the Medical Faculty of the University of Leipzig. Written informed consent was obtained from all participants prior to study enrolment.
NOVELTY STATEMENT
• Diabetes screening strategies using glycated haemoglobin (HbA1c) as first-instance diagnostic parameter may cause failure to detect individuals with abnormal glucose regulation and possible signs of microvascular complications despite "rule-out" HbA1c levels.
• Based on population-based cross-sectional data from 2695 individuals without prior diagnosis of diabetes, we found that individuals with normal HbA1c but prediabetic or diabetic levels of fasting and/or two-hour postload plasma glucose had a significantly higher prevalence of moderately increased albuminuria than individuals with normal HbA1c and normal fasting and two-hour postload plasma glucose levels.
• Age, gender and BMI may help to better identify this at-risk group, which otherwise would escape detection and early intervention.
| Laboratory measurements
The OGTT was conducted after fasting for at least 8 hours. Analyzer" with test kits from Roche (Roche Diagnostics GmbH).
| Statistical analysis
Based on their HbA1c measurements, study participants were di- Table 1 shows the characteristics of the study participants (n = 2695, 48% men) for those considered to have no diabetes, prediabetes, or diabetes according to the stepwise diagnostic procedure currently recommended by the German Diabetes Association. According to this algorithm, 70 (2.6%) individuals were considered to have a newly diagnosed diabetes, and 125 (4.6%) individuals were considered to have prediabetes. Individuals with diabetes were significantly more often male. On average, they were older, had a higher body mass index and waist-to-hip ratio, a higher systolic blood pressure, and higher levels of triglycerides and LDL cholesterol but lower levels of HDL cholesterol. There were also significant differences regarding serum urea and uric acid concentrations. The UACR was significantly increased in individuals with prediabetes and diabetes. (Table 4 ). This analysis revealed that male sex, higher age, higher BMI, and higher HbA1c levels were independently predictive and were able to improve the AUC to 0.74 (95% CI: 0.72-0.76, Figure 2 ).
| RE SULTS
| D ISCUSS I ON
The present population-based cross-sectional study involving adults between 40 and 79 years without a prior diagnosis of diabetes F I G U R E 1 Receiver operating characteristic (ROC) curves for detecting diabetes or prediabetes/diabetes according to FPG/2 h-PG based on HbA1c levels in men and women demonstrates a large prevalence of prediabetes (35.6%) according to fasting and/or two-hour postload plasma glucose levels among individuals with HbA1c levels which are considered to be normal (<5.7%
TA B L E 3 Prevalence of moderately increased albuminuria and UACR values by diabetes status according to HbA1c and FPG/2 h-PG
[<39 mmol/L]). Our study also shows that the prevalence of moderately increased albuminuria among these prediabetic individuals is significantly increased compared to individuals who had normal levels of all three parameters HbA1c, FPG and 2 h-PG, even after adjustment for different confounders known to be associated with albuminuria. Moreover, our study suggests that the discrimination between individuals with normal FPG/2 h-PG levels and individuals with prediabetic or diabetic FPG/2 h-PG levels among individuals with normal HbA1c might be improved using easily obtainable information such as age, gender and body mass index.
A number of mostly cross-sectional and also some longitudinal studies have previously investigated the diagnostic performance of HbA1c measurements compared to FPG and/or postload glucose levels in different at-risk populations and ethnicities, with different results and conclusions regarding the usefulness of HbA1c and optimal diagnostic cut-off values. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In line with our study, a number of these previous studies have also shown that a large proportion of individuals had a prediabetic condition according to their FPG/2 h-PG levels despite normal HbA1c levels. 11, 13, 14, 16, 22, 23 Our study results are also in agreement with previous studies that HbA1c has a considerably better performance to discriminate between individuals with diabetes and individuals not having diabetes compared to the performance to discriminate between normal individuals and individuals having prediabetes (or diabetes). 17, 18, 20, 21 Some other studies have examined the association between glucose parameters and albuminuria. Bahar et al 27 showed that the risk for prediabetic subjects with moderately increased albuminuria to develop diabetes mellitus was four times as high as for prediabetic subjects without moderately increased albuminuria. This finding underlines the need to detect individuals with moderately increased albuminuria, who are also at risk for diabetes. Suzuki et al 28 showed
that the prevalence of moderately increased albuminuria was significantly higher in subjects with combined impaired fasting glucose and Further studies are needed to compare how these tools compare to the simple model based on age, gender and BMI proposed here.
Some limitations of the present study need to be addressed.
First, the cross-sectional approach does not allow proving a causal relationship between the increased FPG/2 h-PG levels among individuals with normal HbA1c levels and the increased prevalence of moderately increased albuminuria, which would require longterm longitudinal follow-up studies. The first follow-up of the In conclusion, the results of our study show an increased prevalence of moderately increased albuminuria among individuals with normal HbA1c level but impaired glucose regulation. These individuals escape detection and early treatment if only HbA1c is used for diabetes screening. Easily obtainable parameters such as age, gender and BMI might be used in addition to the HbA1c level to decide whether additional FPG and/or OGTT testing should be performed to detect individuals with impaired glucose regulation despite normal HbA1c levels.
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